Noninvasive prediction of large esophageal varices in liver cirrhosis patients Abstract Purpose: Esophageal varices are a dangerous complication of liver cirrhosis. e development of cost e ective, noninvasive means for prediction of large esophageal varices could reduce the use of upper gastrointestinal endoscopy in variceal screening and also provide an alternative way to con rm the results of conventional endoscopic diagnosis. Previously proposed predictive models are neither sensitive nor speci c.
Esophageal varices are abnormally enlarged submucosal veins in the lower esophagus that may easily rupture, leading to a dangerous esophageal hemorrhage. Esophageal varices most o en result from portal hypertension due to liver cirrhosis. Most cirrhotic patients will develop esophageal varices over their life time (5 to 15%/year) and the rate of progression from small to large varices is estimated to be 8% per year and the annual rate of esophageal hemorrhage is 5 to 15% [1] . Despite improved diagnosis and treatment for variceal hemorrhage, the mortality rate still remains high (20%-35%) [1] . Variceal bleeding is intimately associated with the size of esophageal varices.
e larger the esophageal varices, the more dangerous they are, since large esophageal varices may cause a higher tension on variceal walls [2, 3] . Gastrointestinal bleeding is attributed only 1-2% to causes other than varices, but 5% to small esophageal varices, and 15-20% to large esophageal varices [4] . us, identi cation of large-sized esophageal varices, before their rst bleeding, is essential to prevent or minimize this lifethreatening complication of liver cirrhosis.
Current guidelines recommend using upper gastrointestinal endoscopy (UGIE) to screen all cirrhotic patients at diagnosis for identi cation of varices at a high risk of bleeding [5] . In addition, endoscopic screening should be followed up every 1-2 years for patients with small varices or every 2-3 years for patients with no varices [6] . Even though UGIE is believed to be the gold standard to diagnose esophageal varices, the use of UGIE has its own limitations. First, diagnosis of esophageal varices by UGIE depends on the performance of individual endoscopists [7, 8] . Second, this approach places a heavy burden upon endoscopy units and repeated testing over time may have a detrimental e ect on patient compliance [9] . ird, unnecessary UGIE screening also increases the associated health care costs. Forth, the application of UGIE is an unpleasant procedure to patients. Fi h, it may have detrimental e ects such as increasing the risk of bleeding and infection. Due to these problems in using UGIE, some noninvasive means have been proposed for prediction of esophageal varices in order to restrict UGIE to the population with high risk of variceal bleeding.
Noninvasive identi cation of esophageal varices is usually based on regular laboratory parameters and clinical signs relevant to liver brosis and function, portal hypertension and hypersplenism.
e noninvasive predictive variables include platelet count, splenomegaly, spleen diameter, Child Pugh, size of right liver lobe, albumin level and portal vein diameter. e common features of these noninvasive means that prediction of esophageal varices is reproducible, cost e ective, simple and quick with no additional burden to patients. Even though these variables are clearly preferable to patients, none is comparable to UGIE in terms of sensitivity and speci city in prediction of variceal hemorrhage. To improve the sensitivity and speci city in variceal prediction, several predictive models are proposed using various combinations of the above variables. Apparently, the sensitivity and speci city of the currently proposed predictive models varies with population, the etiologies of liver cirrhosis and the severity of liver disease. In this study, di erent predictive models, currently reported in literature and based on a Chinese population, were compared. A new model, which is superior for prediction of large esophageal varices, is proposed.
e new model has signi cantly higher sensitivity and speci city for screening the most at risk patients with potential variceal hemorrhage.
Patients and Methods
Study sample e study has been approved by, and carried out according to the instructions of. the author's Institutional Human Investigations or Ethics Committee. Our study sample was liver cirrhosis patients from Shanghai East Hospital who were recruited between June 2005 and December 2011. Patients with active bleeding, acute hepatic failure, portal vein thrombosis, those treated with nonsteriodal anti-in ammatory drugs or betaadrenergic receptor antagonists and those who had undergone previous endoscopic sclerosis, band ligation of esophageal varices or splenectomy. e exclusion criteria were established to rule out potential confounding variables for the study outcomes. In total, 104 individuals diagnosed with liver cirrhosis were included in this study. e etiology of liver cirrhosis was pre-determined at diagnosis and mainly included hepatitis B virus (HBV) infection (69 subjects), alcohol intake (18 subjects), combined HBV infection and alcohol intake (13 subjects), and unknown etiology (four subjects, Table 1 ). e mean age of our study sample was 59 years (ranging from 54-68 years) and 56.7% of the subjects were male.
Diagnosis and grade de nition of esophageal varices
e presence and grade of esophageal varices were determined by UGIE for all patients. e grade was classi ed into small and large based on the criteria proposed at the Baveno I Consensus Conference [10] . Brie y, the small grade was de ned as esophageal varices attening with insu ation or minimally protruding into the esophageal lumen (i.e., Paquet's grades 0-II), while the large grade was de ned as esophageal varices obviously protruding into and lling at least 50% of the esophageal lumen (i.e., Paquet's grades III-IV). Our sample included one subject with no esophageal varices, 49 subjects diagnosed with small esophageal varices and 54 subjects diagnosed with large esophageal varices ( Table 1) .
e one subject with no varicies was included in the "small varices" group for the sake of analyses.
Other clinical variables
e following clinical variables were collected: Child-Pugh score, biochemical parameters including hemoglobin level, platelet count, white blood cell count, gamma glutamyl transpeptidase enzyme (γ-GT) activity, glutamine-pyruvic transaminase (ALT) and glutamine-oxaloacetic transaminase (AST) activities, AST/ALT ratio, total bilirubin level, total protein level, albumin level, albumin/globulin ratio, prothrombin time and international normalized ratio (INR). All patients also underwent ultrasonography of the upper abdomen including measurement of spleen diameter, portal vein diameter, right liver lobe diameter and the depth of ascites. Ascites was graded as none (not detected by untrasonography), mild (depth under untrasonography less than 3 cm), moderate (depth under untrasonography between 3-10 cm) and severe (depth under untrasonography more than 10 cm). e volume of the liver and spleen was measured using plain computerized tomography. ese variables are summarized in Table 1 .
Statistical analysis
e cross-sectional area of liver and spleen was calculated using ImageJ [11] . e volume of the liver (or spleen) = area of the cross-section × slice sickness. Statistical analyses were performed in SPSS 17.0 and Medcalc 12.1. e normal distribution of continuous variables was determined using the ShapiroWilk test. Continuous variables are presented as mean±SD (for normal distributed variables) or median plus interquartile range (for variable deviated from normal distribution). Statistical di erences were tested using Student's t-test or nonparametric Mann-Whitney test. Categorical values were compared using chi-square test. e association of the candidate variables with large esophageal varices was assessed using univariate analysis. e signi cantly associated variables were further included in a stepwise logistic regression model to evaluate their independent contribution to the presence of large esophageal varices. e predictive contribution to large esophageal varices from those candidate variables was further determined by receiver operating characteristic (ROC) curves [12] . e predictive models were then validated by the mean areas under the ROC curves (AUROC). A cut-o value serving as a diag- 
Results

Etiology of liver cirrhosis is not associated with the grade of esophageal varices
Liver cirrhosis in our study group resulted from multiple etiological factors including HBV infection, alcohol intake, a combination of the two factors and unknown etiology (Table 1) . First, the potential association between the di erent etiology of liver cirrhosis and the grade of esophageal varices in our study group were examine. A chi-square test was performed to evaluate the signi cance of the di erence in disease etiology between the two groups with small and large esophageal varices. e result showed that there is no signi cant di erence in disease etiology between the two groups ( Table 2) . is result ruled out the potential confounding e ect from disease etiology on our subsequent analyses.
Univariate analysis for initial screening of the relevant variables
To screen the variables that are potentially associated with the grade of esophageal varices, univariate analysis were performed to evaluate age, gender and other 18 individual variables as presented in Table 1 . ese clinical variables are regularly collected from all patients for the diagnosis of liver cirrhosis. e results showed that ve of the 20 individual variables (platelet count, hemoglobin level, γ-GT activity, portal vein diameter and spleen diameter) were signi cantly associated with the grade of esophageal varices (Table 3) . Large esophageal varices appeared to have a lower platelet count and hemoglobin level but higher γ-GT activity, portal vein and spleen diameters. Since some compound variables (a combination of two di erent variables) are frequently used in predictive models as previously reported [13] [14] [15] [16] , here, an additional six compound variables were evaluated (Table 3 ). e presence of large esophageal varices was signi cantly associated with lower ratios of platelet count/ spleen diameter, right liver lobe/albumin and platelet count/ portal vein diameter.
Step-down multivariate logistic regression searches for the predictive variables e eight signi cantly-associated individual and compound variables ( Table 3 and Table 4 ) were then combined for multivariate logistic regression analyses to further evaluate their association with the grade of esophageal varices. Multivariate logistic regression was iteratively performed by stepwise exclusion of individual variables with the highest P value until all variables made signi cant contribution in the regression model. ree variables (hemoglobin level, portal vein diameter and the ratio of platelet count/spleen diameter) with P<0.05 remained in the last regression model ( e predictive function was derived from the relative contribution of the predictive variables in the nal regression equation. e weights for the individual predictive variables were the regression coe cients (Table 4) 814. e value normally ranges from 0.5-1.0, where 0.5 represents a random prediction (i.e., the diagonal reference line) and 1.00 represents perfect prediction with 100% sensitivity and 100% speci city (i.e., the top le corner). e diagnostic accuracy is generally de ned as "Useful" (if AUROC > 0.7) and "Excellent" (if AUROC is between 0.8-0.9). Sharma et al. [15] Palpable spleen, platelet count 0.694 (0.593-0.796) 0.0283
Alempijevic et al. [14] Right liver lobe/albumin 0.662 (0.547-0.777) 0.1121
Hong et al. [13] portal vein diameter, spleen width 0.769 (0.672-0.866) 0.743
Giannini et al. [16] Platelet count/spleen diameter 0. 
Optimization of the diagnostic criteria of the predictive variables
To provide a practical diagnostic criterion for prediction of large esophageal varices using the NIP variable, a diagnostic evaluation was performed using ROC curve analysis [12] , during which the optimal criterion value and its associated sensitivity and speci city for each predictive variable were calculated (Table 5 ). e NIP value calculated from Eq.1 had an increased AUROC compared with other single or compound variables, suggesting that our predictive model based on Eq.1 exhibited the best diagnostic ability. e ROC curve of our predictive model is shown in Fig. 1 , where AUROC = 0.814 (95%CI = 0.732-0.896). e diagnostic sensitivity and specicity achieved 77.8% and 72%, respectively, in our study group. e cuto value of > -1.87 predicted the presence of large esophageal varices at high risk of esophageal hemorrhage; for example, if a patient's predictive value = -1.825, this patient likely has large esophageal varices and should be recommended for further UGIE examination.
e best model for prediction of large esophageal varices
To obtain the predictive model that is best suitable for screening large esophageal varices, an additional six predictive models were selected based on literature reports. ROC curve analysis was performed to compare the six models with our model as described in Eq.1 (Table 6 ). e ROC curves for these models are presented in Fig. 2 . Tested in our study group, the predictive models of Hong et al. [13] , Giannini et al. [16] , and our proposed model yielded obviously higher AUROC (>0.7), while the AUROC from other four models was less than 0.7. Even though there was no signi cant di erence from the predictive models of Hong et al. [13] and Giannini et al. [16] , our NIP model achieves the highest AUROC value (Table 6) , thus representing the best predictive model for prediction of large sized esophageal varices in our liver cirrhosis patients. Among the tested seven predictive models, as well as other individual and compound variables, our proposed predictive model had the greatest diagnostic ability in predicting large esophageal varices. Table 6 .
Discussion
Large esophageal varices are a dangerous clinical consequence of liver cirrhosis. Since variceal screening causes considerable endoscopic burden and cost, seeking a less expensive, noninvasive means for accurate prediction of large esophageal varices has great clinical importance. e promising predictive marks have been focusing on common laboratory variables such as platelet count [16, 17] and albumin level [14] , ultrasound parameters such as spleen and portal vein dimension [13, 17] , or data from some minimally invasive approaches such as video capsule endoscopy [18] and computerized tomography [19] . A screening test must be simple and inexpensive, and while some tests are clearly preferable to patients because of ???, none appear to be as accurate as upper GI endoscopy in the diagnosis of esophageal varices. e search for noninvasive tests continues [9] . In this study, 20 individual and six compound parameters were evaluated in 104 liver cirrhosis patients, and their diagnostic ability for large esophageal varices was assessed using multiple statistical approaches. No single parameter was found to o er self-su cient predictive function for large esophageal varices; however, a combination of multiple parameters (hemoglobin level, platelet count, spleen and portal vein diameters) signi cantly improves the predictive accuracy. Based on a stepwise multivariate logistic regression analysis, a predictive model was proposed (as expressed in Eq.1) with an optimal cuto value of -1.87 as the diagnostic criterion. It is worth noting that the cuto value may vary with di erent study groups.
e predictive variables included in our nal model were also previously reported to be promising in variceal prediction; for example, the diagnostic e ectiveness of portal vein diameter in prediction of large esophageal varices has been proven in several studies [13, 20] . Liver cirrhosis-associated portal hypertension causes splenomegaly and hypersplenia and resultant decreases in platelet count and hemoglobin level. Indeed, platelet count/spleen diameter has been shown to be robust in variceal prediction [13, [15] [16] [17] [20] [21] [22] . Our data are consistent with these reports and further demonstrate a more powerful predictive function for large esophageal varices by pooling these variables together.
e development of esophageal varices and their enlargement are expected to be associated with the severity of liver cirrhosis. Child-Pugh is commonly used for assessment of the progress of liver cirrhosis [23]; thus, Child-Pugh was expected to predict the presence of varices in this study. Surprisingly, in our sample, Child-Pugh was not signi cantly associated with the presence of large esophageal varices and, thus, was excluded from further diagnostic evaluation. e predominant etiology of liver cirrhosis in our sample is HBV infection; however, no signi cant di erence in disease etiology was detected between the two groups of small and large esophageal varices. Disease etiology and severity, therefore, have no signi cant confounding e ect on our diagnostic evaluation of the predictive variables. Note that our study sample had only one subject with no esophageal varices in comparison with 49/54 patients with small or large varices. e sample composition, with an insucient number of patients of normal esophagus, may a ect the cuto predictive value and also other statistical outcomes. Future studies are designed to evaluate our proposed predictive model using additional samples, which should ideally be conrmed in other cohorts.
